Differentiation of acute osteoporotic from malignant vertebral compression fractures with conventional MRI and diffusion MR imaging  by Abowarda, Mohamad H. et al.
The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxxContents lists available at ScienceDirect
The Egyptian Journal of Radiology and Nuclear Medicine
journal homepage: www.sciencedirect .com/locate /e j rnmOriginal ArticleDifferentiation of acute osteoporotic from malignant vertebral
compression fractures with conventional MRI and diffusion MR imaginghttp://dx.doi.org/10.1016/j.ejrnm.2016.11.001
0378-603X/ 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer review under responsibility of The Egyptian Society of Radiology and Nuclear
Medicine.
⇑ Corresponding author.
E-mail address: mohamadwarda_1@hotmail.com (M.H. Abowarda).
Please cite this article in press as: Abowarda MH et al. . Egypt J Radiol Nucl Med (2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.001Mohamad H. Abowarda a,⇑, Hossam M. Abdel-Rahman a, Mahmoud M. Taha b
aDiagnostic Radiology Department, Zagazig University, Egypt
bDepartment of Neurosurgery, Zagazig University, Egypta r t i c l e i n f o
Article history:
Received 17 June 2016
Accepted 2 November 2016
Available online xxxx
Keywords:
Osteoporotic malignant fractures DWIa b s t r a c t
Aim: To evaluate the role of using a single shot spin echoplanar DW sequence (SSSEP-DWI) compared to
conventional MRI and contrast enhanced T1WI in differentiation between vertebral osteoporotic frac-
tures and malignant compression fractures. The sensitivity and specificity of (SSSEP-DWI) will also be cal-
culated.
Patients and methods: Sixty-eight acute vertebral compression fractures in 41 patients were imaged using
conventional MRI, fat suppressed contrast enhanced T1WI and DW sequence on a 1.5 T MR machine.
Quantitative assessment of the abnormal signal intensity was done by measuring apparent diffusion coef-
ficients (ADCs). Also, the areas of abnormal signal intensity were compared to adjacent normal marrow.
Results: We had 38 benign fractures, and 30 malignant fractures. Post contrast enhancement showed sen-
sitivity of 92% and specificity of 70% for malignant compression fractures. The hyperintense signal on
DWI has 89% PPV for malignancy, while the sensitivity and specificity were 86% and 91% respectively.
The mean ADC for malignant fractures was significantly lower than those of osteoporotic fractures
(p = 0.0002).
Conclusions: SSSEP-DWI is a reliable adjunct parameter that supports conventional MRI in differentiating
benign and malignant vertebral fractures.
 2016 The Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).1. Introduction
Benign compression fractures commonly occur in old age
osteoporotic people, usuallywithout a history of significant trauma.
They may occur in about 30% of patients who have malignant
tumors. The differentiation between both malignant and
osteoporotic vertebral compression fractures is a common problem
usually seen in daily practice [1]. Differentiating malignant from
benign osteoporotic vertebral compression fractures depends
mainly on the imaging findings seen by conventional MR imaging.
T1WI, T2WI and STIR sequences are sensitive sequences for detec-
tion of abnormal bone marrow changes. Unfortunately, these
sequences lack the accuracy in discrimination between both types
of vertebral fractures as bone marrow edema usually seen in acute
osteoporotic fractures may resemble the signal changes seen in
malignant vertebral lesions [2–5]. Many researchers have evaluatedthe role of qualitative assessment of signal intensitieson (DW)
steady state free precession (SSFP), single-shot turbo spin echo
(TSE), echo-planar imaging (EPI), opposed-phase sequences, the
quantitative measurement of ADCs and the value of quantitative
chemical-shift imaging in increasing the specificity of MRI [6–10].
They stated that there are some findings are statistically significant
in favoring the diagnosis of osteoporotic fractures as water line sign
and sharp wedging margins. No signal drop in out of phase
sequence, involvement of the pedicles, homogenous hypointensity
at T1WI and restriction in DWI were statistically significant signs in
favoring malignancy. They found that chemical shift imaging and
diffusion weighted imaging are strong allies to morphological signs
in the differentiation between both benign andmalignant compres-
sions fractures. Baur et al. [11] stated that DWI was of important
value in differentiation between both malignant and osteoporotic
compression fractures. Other studies also have shown good results
[12–14]. On the other hand, other studies did not result in a signif-
icant difference regarding signals intensity characteristics between
malignant and osteoporotic compression fractures [15,16].
The purpose of our study was to evaluate the role of adding the
qualitative and quantitative SSSEP-DWI to conventional MRI in
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sion fractures.2. Materials and methods
2.1. Patients
Our study was approved by our institutional review board. It
was carried between July 2014 and February 2016. We retrospec-
tively studied 41 patients (17 males and 24 female, their ages rang-
ing from 35 to 63 years; mean age 54.7 and median age 53.5) with
diagnosis of vertebral bodies compressionfractures by either X ray
or other imaging modalities.
Our inclusion criteria were the patient age more than 18 years,
patient complain from acute or subacute back pain at the level of
fracture (<1 month), patient with underlying malignancy and sus-
pected to have underlying osteolytic bony lesion and presence of
bone marrow edema at fracture sites. Sixty-eight vertebral frac-
tures were noted in these cases. Our forty-one cases patients
showed 68 fractures diagnosed as: 38 osteoporoticcompression
fractures, and 30 malignant fractures. The nature of each fracture
either benign or malignant was determined by a radiologist
(M.H.A.) with about 4 years of experience in musculoskeletal radi-
ology work. In all 38 benign osteoporotic fractures, there were no
history of an underlying malignancy and the final diagnosis was
confirmed with biopsy (n = 2), follow up MRI examination after
3 months (n = 26), or clinical follow up (n = 10). The findings favor
benign nature of the fractures at follow up MRI are: there was no
further progressive bone destruction, redistribution of the fat mar-
row within fractured vertebra and reduction or disappearance of
bone marrow oedema. Reduction of back pain was assessed by
physical examination done by clinician. There were 30 malignant
compression fractures in our study. The diagnosis of malignant
compression fractures was confirmed either by biopsy (n = 18),
multiple other spinal deposits (n = 5) or suspicious MRI finding
for malignancy with progressive bone destruction at follow up
MRI examination (n = 7). Suspicious MRI findings are involvement
of the pedicles or posterior elements, para-spinal soft tissue com-
ponents and convex posterior border of vertebral body. Underlying
malignancies included 8 lesions developed from cancer breast, 6
lesions from cancer lung, three from hepatocellular carcinoma
and one lesion as non-Hodgkin lymphoma.
MR imaging of the cases was performed within one month from
time of presentation. Exclusion criteria included: Patients with ver-
tebral compression fracture of more than one month, pregnancy,
diffuse hematologic disorders, past history of radio or chemother-
apy, patients with contraindication for MRI e.g. patient with
cardiac pacemaker, as well as vertebral fractures secondary to sev-
ere trauma.2.2. Imaging
All our patients were studied by using 1.5-T MR machine
(Achieva; Philips, Netherland). Phased array surface coil was used
in all studies. Conventional T1WI, T2WI, contrast enhanced T1WI
with fat suppression sequenced were done (Table 1). Contrast
MRI study was performed after IV administration of gadopentate
dimeglumine at dose (0.1 mmol/kg). Single shot spin echoplanar
DWI (SSSEP-DWI) was done by using a b values of 0 and
1000 s/mm2. The DWI signal intensity of the fractured vertebrae
was compared with the normal bone marrow signal intensity.
Relative to the normal bone marrow signal, the abnormal signal
intensity of the fractured vertebral bodies were divided into three
grades either as hypointense, isointense and hyperintense signals.
At quantitative analysis, ADCs were measured at the abnormalPlease cite this article in press as: Abowarda MH et al. . Egypt J Radiol Nucl Msignal intensity areas within collapsed vertebral bodies and at
the normal bone marrow. To measure the ADC, the ROIs were mea-
sured manually on the ADC map within solid lesions that displayed
hyperintense signal on DWI with a b value of 1000. All ROIs were
drawn as large as possible within the lesion. Sites of hemorrhage,
necrosis, or calcification were carefully avoided. These hyperin-
tense lesions were correlated with other series and should be seen
as hyperintense signals on T2WI, hypointense signals on T1WI, and
enhanced on contrast study. We carefully avoided sites of necrosis,
which has a high signal intensity as fluid on T2WI, hematoma that
is seen hyperintense on T1WI and hypo or hyperintense signals on
T2WI and areas of calcifications seen as low signals on both T1
and T2WI. The ADCs were measured at both b values (0 and
1000 s/mm2). The ratio of ADC of the fractured vertebral body to
ADC of normal vertebral body was also calculated.
2.3. Statistical analysis
Fisher test and also Mann-Whitney U tests were used for qual-
itative and quantitative comparisons between osteoporotic and
malignant compression fractures. The receiver operating charac-
teristic (ROC) curve were used to determine the cut off values of
ADCs of the fractured vertebral bodies. The cut off value of ratios
of ADC of fractured vertebral body to the ADC of normal bone
marrow were also calculated. McNemar statistics were used to
compare the sensitivity and specificity. Statistical analyses were
performed by using commercial software (SPSS, version 19).
3. Results
Our forty-one cases patients showed 68 fractures diagnosed as:
38 osteoporotic compression fractures, and 30 malignant fractures.
Regarding the histopathology: 16 lesions developed from cancer
breast, 8 lesions from cancer lung, 5 lesions from hepatocellular
carcinoma and one lesion as non-Hodgkin lymphoma.
3.1. Site
In our study, there were 38 osteoporotic compression fractures
and 30 malignant fractures. According to the site, 40% of all verte-
bral fractures were seen in the thoracic vertebrae and 60% were
seen in the lumbar vertebrae. In benign osteoporotic fractures 13
fractures were seen at dorsal spines and in 25 fractures at the lum-
bar spines. In malignant compression fractures 14 fractures were
seen at dorsal spines and 16 fractures were at lumbar spines
(Table 2).
3.2. Significance of number of lesions
Single lesion was observed in 16 cases, while 25 cases showed
two or more fractures. In patients with a single lesion, malignant
compression fractures were detected in 44% of cases (7/16),
whereas the rest of cases 56% (9/16) showed osteoporotic frac-
tures. In patients with multiple lesions, 44% of cases (11/25) had
malignant compression fracture while rest 56% (14/25) had osteo-
porotic compression fractures.
3.3. Role of conventional MRI
All benign osteoporotic fractures (38 fractures) and most of
malignant compression fractures (29/30) were either hypointense
or isointense in comparison with the normal marrow signals on
the T1WI (Table 2). On T2 WI, half of the malignant fractures
(15/30) were either hypointense or isointense, while the other half
was hyperintense. In osteoporotic compression fractures, only 13%ed (2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.001
Table 1
Shows the parameters of different MRI sequences.
TR (s) TE (s) Thickness (mm) Orientation Matrix FOV (mm) Pixel size (mm)
T1WI 531 12 3 Sagittal 366  512 280 0.6  0.6
4 Axial 140
T2WI 4790 118 3 Sagittal 366  512 280 0.6  0.6
4 Axial 140
Contrast enhancement 600 12 3 Sagittal 366  512 280 0.6  0.6
4 Axial 140 0.6  0.6
SSEP-DWI 0.0216 0.005 3 Sagittal 168  256 280 1.3  0.98
4 Axial 140
Table 2
Shows the site of osteoporotic and malignant compression fractures.
Site of fractures Osteoporotic fractures Malignant fractures
Cervical spines – –
Dorsal spines 13 14
Lumbar spines 25 16
Table 4
Shows comparisons between acute osteoporotic and malignant collapsed vertebral
bodies using b = 1000 s/mm2.
Parameter Benign fractures Malignant fractures P Value
ADC of collapsed vertebral body
Mean 1.64  103 mm2/s 1.31  103 mm2/s p = 0.002
Median 1.68  103 mm2/s 1.32  103 mm2/s
Standard deviation 0.31  103 mm2/s 0.36  103 mm2/s
Lesion/normal bone
Mean 4.74 2.17 p = 0.001
Median 4.69 2.19
Standard deviation 0.61 0.53
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(25/38) were isointense. In all osteoporotic benign vertebral frac-
tures there were no epidural mass or affection of the posterior neu-
ral arches. Of the 30 malignant fractures, 18 fractures (60%)
showed retropulsion with convex posterior border, 11 fractures
(36%) were associated with epidural or paravertebral soft tissue
mass and 5 fractures (17%) showed posterior element involvement
(see Table 3).3.4. IV contrast
After IV contrast, 93% (28/30) of the malignant fractures showed
post contrast enhancement (19 fractures were homogeneous and 9
fractures were heterogeneous). Twenty-nine percent (11/38) of
osteoporotic compression fractures displayed heterogeneous post
contrast enhancement. The sensitivity of enhancement seen in
patients with malignant fractures after IV contrast injection was
92%, while the specificity was 70%. Contrast studies showed PPV
of 71%, and 93% NPV.3.5. Qualitative analysis of DW images
Osteoporotic vertebral fractures signals was low in 68% (26/38),
isointense signals in 24% (9/38) and hyperintense in 8% (3/38) of
cases (Table 2). In malignant fractures, 87% (26/30) of cases dis-
played hyperintense signals and 13% (4/30) of cases displayed
hypointense signals. No isointense signal was detected at any of
the lesions. By using the hyperintense signals on DWI as a predic-
tor for malignant fractures, the sensitivity was 86%, while the
specificity was 91%. Twenty-six malignant compression fractures
displayed high signal intensity on DWI. Fifteen malignant com-
pression fractures displayed high signal intensity on T2WI and
the other 15 fractures displayed either isointense or hypointenseTable 3
Shows signals intensities of vertebral fractures at different pulse sequences.
Sequence T1WI T2WI
Signals Low iso High Low iso
Osteoporotic fractures (38) 25 13 0 8 25
66% 34% 0% 21% 66%
Malignant fractures (30) 17 12 1 5 10
57% 40% 3% 17% 33%
Please cite this article in press as: Abowarda MH et al. . Egypt J Radiol Nucl Msignal. The PPV of high signals on SSSEPDWI for malignant com-
pression fractures was 89% and the NPV was 90%.
3.6. Quantitative analysis of ADCs
The mean ADCs of osteoporotic compression fractures were
higher significantly than those of malignant fractures at b values
1000 s/mm2 (P value were 0.002) (Table 4). (Figs. 1–3). The ratios
of ADCs of osteoporotic compressed fractures to ADCs of normal
vertebrae were also significantly higher than ratios seen in cases
with malignant compression fractures at b values = 1000
(P < 0.001) (Table 4). Table 5 shows the cutoff values of the ADC
for malignant compression fractures and the areas under the
ROC. The sensitivity, specificity and accuracy of b values 1000 in
diagnosing osteoporotic and malignant fractures are also shown
in Table 4.4. Discussion
With increase in age, amount of bone marrow fat increases and
changes into yellow marrow in old age [13]. In malignant vertebral
tumors, the tumor cells infiltrate the bone marrow, while in verte-
bral fractures due to osteoporosis, variable amount of bone mar-
row edema occur [17]. The discrimination between osteoporosis
compression and malignant compression fractures is a common
problem seen in our daily practice particularly in old age patients.
Reaching the correct diagnosis is important for selecting the strate-
gies of treatment and for determining the prognosis. The discrim-Contrast DWI
High Enhanced Not enhanced Low iso High
5 11 27 26 9 3
13% 29% 71% 68% 24% 8%
15 28 2 4 0 26
50% 93% 7% 13% 0 87%
ed (2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.001
Fig. 1. 54 - year-old male patient with benign osteoporotic compression fracture. (A) Sagittal T1WI showed anterior wedge fracture of L1 vertebral body with abnormal
hypointense signals. (B) Sagittal T2WI revealed hyperintense signals with hypointense band parallel to superior end plate. (C) Sagittal DWI showed hypointense signals
denoting unrestricted diffusion. (D) ADC map showed high signal intensity. ADC value is 1.62  103 mm2/s.
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conventional MRI and the differentiation between both types
become a problem [18,19]. In our study, the presence of epidural
mass and involvement of posterior neural arches were statistically
significant in discrimination between both types of fractures,
favoring the diagnosis of malignancy. In our study, both epidural
components and posterior neural arches involvement were absent
in all patients with osteoporotic fractures while, epidural or par-
avertebral mass were seen in 36% in malignant fractures and 5
malignant fractures (17%) showed posterior neural arches
involvement.
Tan et al. [20] mentioned that an encasing epidural soft-tissue
masses were significant in discrimination between osteoporotic
and malignant fractures. He found encasing epidural mass in 26%
of malignant fractures while it was seen in only 2% in cases with
osteoporotic fractures, P < 0.005. In other previous studies [19,21]
a diffuse para spinal mass was not significant in differentiation
between two types of fractures. However, the presence of focal
para spinal masses were more frequent with malignancy and were
significant in diagnosing malignant compression fractures (41% of
metastatic compression fractures versus in 7% of osteoporotic com-
pression fractures, P < 0.001). Posterior element involvement is
well known to be affiliated with malignancy [21,22]. However,Please cite this article in press as: Abowarda MH et al. . Egypt J Radiol Nucl MIshiyama et al. [23] found that posterior element involvement
was frequently seen in benign osteoporotic fractures and was not
significant in differentiation between both types of fractures in
his study. In our study, the high signal seen in T2WI played signif-
icant role in differentiation between both types of fractures as 50%
(15/30) of malignant fractures and only 13% of osteoporotic frac-
tures (5/38) were hyperintense on T2WI. Hyperintense signals of
the vertebral bodies fractures on T2WI has been reported to be
suggestive for malignancy [24]. In our study, we found that after
IV contrast, 93% (28/30) of the malignant fractures showed post
contrast enhancement (19 fractures were homogeneous and 9 frac-
tures were heterogeneous) and 29% of osteoporotic compression
fractures displayed heterogeneous post contrast enhancement. In
our study, the sensitivity of presence of enhancement after IV con-
trast as a predictor of malignancy was 92%, the specificity was 70%
while the NPV was 93%. Our results regarding pattern of enhance-
ment were going with a previous study results by Sugimura et al.
[25] of contrast-enhanced T1WI, who stated that marked and
homogeneous post contrast enhancement was significantly more
commonly seen in malignant fractures. He mentioned that the
homogenous pattern of enhancement was pathognomonic for
malignant fractures. Bhugaloo et al. [26] also mentioned that; the
absence of enhancement increases the likelihood of benign com-ed (2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.001
Fig. 2. 50 - year-old female patient with malignant compression fracture (metastases from cancer breast). (A) Sagittal T1WI revealed compression fracture of D8 vertebral
body with isointense signals and convex posterior border. (B) Axial post contrast T1WI revealed enhancement of D8 vertebral body and a small epidural component
compressing the cord. (C) Sagittal DWI showed hyperintense signals. (D) ADC map showed low signal intensity of D8. ADC value 0.92  103 mm2/s.
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malignant and osteoporotic compression fractures displayed
intense enhancement and the enhancement pattern is not enough
for differentiation between both types [3,27]. Diffusion weighting
MRI of the vertebral bodies is a valuable promising sequence for
evaluation of vertebral fractures and has been used for the differ-
entiation between both types of vertebral fractures [11]. DWI
became complementary to conventional MRI as it provides good
tissue characterization. As the tumor cells accumulate in malignant
fractures with subsequent reduction of water molecules mobility,
this results in hyperintense signal intensity relative to the normal
bone marrow signals. In comparison with osteoporotic fractures,
there is oedema and hemorrhage and increased in interstitial space
with subsequent increase in mobility of water molecules and this
result in hypointense signals in DWI [7]. Bauer et al. [17] demon-
strated the successful use of DWI in the differentiation between
osteoporotic and malignant fractures. In DWI, osteoporotic frac-Please cite this article in press as: Abowarda MH et al. . Egypt J Radiol Nucl Mtures appeared hypointense or isointense, while malignant frac-
tures appeared hyperintense signals. Other studies were done
[2,28,29] and most of them gave compatible results with Bauer
et al. In our study, our results were going with the previous litera-
tures, as (26/30) of malignant fractures gave hyperintense signal,
while (26/38) osteoporotic fractures gave hypointense signals. Cas-
tillo et al. [30], found that the DWI has no advantage in the diagno-
sis of malignant vertebral fractures as 34% of malignant fractures
demonstrated hyperintense signal on DWI. Our results were differ-
ent as the following inclusion criteria were found in our study:
Absence of sclerotic metastases in our study and no previous his-
tory of radio or chemotherapy. Others suggest that both benign
and malignant compression fractures are hyperintense in DWI
and this may be explained by more effective and homogeneous
fat suppression with the more powerful 3.0 T MR units [13,2].
DWI with a high b value (b = 1000 s/mm2) result in a better dis-
crimination between acute osteoporotic and malignant compres-ed (2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.001
Fig. 3. 53-year-old female with malignant vertebral compression fracture (lymphoma). (A) Sagittal T1WI showed compression fracture of D12 vertebral body with abnormal
hypointense signals. (B) Sagittal T2WI revealed mixed hyper and isointense signals of D12. (C) Sagittal DWI showed hyperintense signals denoting restricted diffusion. (D)
ADC map showed low signal intensity of D12 denoting restricted diffusion. ADC value is 0.68  103 mm2/s.
Table 5
ADC cutoff values for differentiating acute osteoporotic and malignant compression fractures with ROC curve analysis.
ADC Cutoff value Sensitivity (%) Specificity (%) Accuracy (%) AUC
b = 1000 s/mm2 61.48  103 mm2/s 75 80.8 78.3 0.781
6 M.H. Abowarda et al. / The Egyptian Journal of Radiology and Nuclear Medicine xxx (2016) xxx–xxxsion fractures. This is going with the findings of Messiou et al. [31],
who mentioned that, the differentiation by areas of abnormal sig-
nals and normal bone marrow signals was optimal by using high b
value as 1400 s/mm2. As in our study, there are several studies
[1,4,10,16] that have measured ADCs of abnormal vertebrae with
a sagittal ADC map at 1.5 T. Padhani et al. [32] reported that there
were no overlap between malignant and benign osteoporotic frac-Please cite this article in press as: Abowarda MH et al. . Egypt J Radiol Nucl Mtures using ADC maps with a b value of 1000 s/mm2. There were
well discrimination between malignant and benign compression
fracture in a previous study (b = 250 s/mm2) by Zhou et al. [16].
However, Geith et al. [1] demonstrated large overlap of ADCs of
malignant and osteoporotic compression fractures with using sin-
gle shot turbo spin echo DWI, although there were significant dif-
ferences between two groups (b = 100, 250, 400, and 600 s/mm2).ed (2016), http://dx.doi.org/10.1016/j.ejrnm.2016.11.001
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tures (b = 5 and 1000 s/mm2) in a previous study by Maeda et al.
[15]. They found 4 cases with high ADCs value between a total of
16 malignant compression fractures and they offered three possi-
ble reasons: presence of necrosis in malignant tumor, excessive
interstitial edema, and a perfusion effect in hypervascular tumor.
A previous study by Pozzi et al. [33] using DW imaging at 1.5 T
(b = 800 s/mm2) reported that the mean ADC of neoplastic fracture
(1.24 mm2/s) was higher than that of osteoporotic fracture
(0.64 mm2/s) conflicts with previous studies results [1,12,15,18]
and our study. We think that this difference may be due to the dif-
ference in the size and location of the ROI. This may also be related
to histological composition of malignant compressions (e.g. necro-
sis, hemorrhage, etc.). ROI placement is of great importance partic-
ularly with low spatial resolution of DWI. To overcome these
limitations, we used a smaller field of view with careful placement
of ROI avoiding the necrotic portions, artifacts and hemorrhages
and compared DW images with other conventional MRI images.
There were several limitations to our study; at first, we were
unable to confirm the histopathological diagnosis because we
could not do biopsies for all patients especially in elderly patients
with a diagnosis of osteoporotic compression fractures. By follow
up of these patients, we could confirm the diagnoses. Second, the
signal intensity seen in DWI depends on b factor, which is variable
from MRI machine to other as it is affected but the used imaging
parameters and power of the machine. This limit comparison with
other investigations. Third, the difference in ages between the
malignant and benign groups with higher fat contents in the older
patient bone marrow might influence the difference in ADCs. This
could result in underestimation the difference between two
groups.
5. Conclusion
In conclusion, by adding DWI (SSSEP-DWI) to conventional MRI
protocol the diagnostic accuracy will improve regarding the dis-
crimination between osteoporotic and malignant compression
fractures. ADC values of osteoporotic fractures were significantly
higher than in malignant compression fracture with cut off value
of 1.48  103 mm2/s.
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